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Abstract| The controller has a motion feedback control loop for the four arm joints and a force feedback control
loop for the ankle joint. The desired motion/force trajectories are obtained via kinesthetic teaching by a human,
followed by a learning phase. During skill demonstration, the arm joints are made compliant while the robot
balances using ankle/hip strategies. Experimental data demonstrate the feasibility of the method.
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Fig.1 A HOAP{2 humanoid robot cleaning a white-
board. The cleaning cloth is xed to a two-DOF
passive joint attachment to the end of the right arm.
The robot is controlled under mixed position/torque
control mode. Force feedback control is realized us-
ing foot moment information obtained via the ZMP
position.
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Fig.2 Flowchart of the proposed approach.
(a) (b) (c)
Fig.3 The original hand with RC servo (a) is replaced by
an attachment with two passive R joints and clean-
ing cloth (b). For the demonstration, a F/T sensor
is xed to the attachment as shown in (c).
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Fig.4 Coordinate frames (a), seven-DOF 3D model (b).
Joint angles 1 through 5 are actively controlled, 6
and 7 are the passive joint coordinates resolved via
kinematic loop closure.
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Fig.5 Block scheme of the controller used during the
demonstration phase.
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Fig.6 Motion/force controller realization with mixed po-
sition/torque control mode.
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Fig.8 Sequence of video frames showing demonstration and reproduction of a whiteboard cleaning task, performed with
a self-balancing HOAP-2 robot. (a) At the demonstration phase, the human teacher is only holding the F/T sensor
at the end-eector with one hand. The whole body of the robot is controlled by the proposed method providing
compliance for the arm and reactive balance control for the whole body; (b) The hip-strategy balance controller allows
the robot to increase the size of the working space and reach further; (c) Before executing a standalone reproduction,
the robot extends its arm and touches the surface without exerting any force on it. (d) At the beginning of a standalone
reproduction, the robot leans forward and uses the ankle torque controller to exert the required force on the surface.
(e) Execution of the trajectory while applying the desired force.
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Fig.7 Experimental data from the reproduction phase.
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